Ways that citizens can contribute to the sightings of alien species. (A) Students and teachers can take samples and study them in the school lab. (B) SCUBA divers or (C) snorkelers can make visual observations and take pictures with underwater cameras. (D) Fishermen can study their catches to see whether the species in an area are changing. By reporting their findings on citizen science platforms, all citizens can contribute to the early detection of alien species.
MEDITERRANEAN SEA AND ITS MARINE SPECIES
The Mediterranean Sea is one of the largest seas in the world, surrounded by di erent countries from three di erent continents, Europe, Asia and Africa. The Mediterranean Sea is a unique place, with about , di erent marine species. Of these species, about , live only in the Mediterranean Sea and nowhere else in the world.
Despite its uniqueness and the high number of organisms that live there, the Mediterranean Sea is endangered, because of human activities. Some human activities, like fishing or tourism, overuse of marine resources, pollution of the marine environment can cause the direct destruction of marine ecosystems (communities of interacting species and their environment). Some human activities, such as shipping, have resulted in the introduction of species from other seas. We call these species alien species, and they can create
ALIEN SPECIES
Species found out of their native home range, moved to new areas due to human activities.
serious problems for the native species living in the Mediterranean
NATIVE SPECIES
Species that occur naturally in an area.
Sea [ ].

WHAT IS THE PROBLEM WITH ALIEN SPECIES?
Once in their new environment, some alien species do not manage to survive, because the conditions of the new environment might be too di erent from those of their previous homes. Other alien species, those that are more adaptable, might really like the new conditions and start reproducing, increasing in numbers and expanding throughout the area they occupy. In some cases, alien species are beneficial to their new homes, taking up useful ecological roles and supporting their native neighbors (for example, becoming a source of food for the native species or cleaning up polluted water). But, in many cases, alien species have a negative impact on native ecosystems. For example, alien species may compete for food and space with native species, or may be voracious predators of native species. Often, alien species do not have any enemies in their new environment, which gives them an advantage over native species and, in the end, alien species may cause the extinction of some native ones. When an alien species causes big problems in an ecosystem, it is called an invasive alien species.
INVASIVE ALIEN SPECIES
Species introduced to an area that survive, reproduce, and expand, causing problems in the new ecosystem.
BUT HOW DO ALIEN SPECIES ARRIVE IN THEIR NEW HOMES?
A marine species can move into a new area in many di erent ways, which are called introduction pathways [ ]. It is important to identify
INTRODUCTION PATHWAYS
The modes of introduction of a species to a new location outside its native range.
the introduction pathway that each alien species has used to reach a new area, because this knowledge may help us to stop or control the arrival of new alien species. One way that alien species can reach the Mediterranean Sea is through the Suez Canal, which is a man-made canal connecting the Mediterranean Sea to the Red Sea. The species that reach the Mediterranean through the Suez Canal are called Lessepsian species, from the name of the engineer (Ferdinand de Lesseps) who oversaw the construction of the Suez Canal. Shipping can also assist the introduction of alien species from distant places, as stowaways either within the ballast waters that ships store in special tanks for stability, or attached to the surface of the ship's hull. Humans have also introduced some species to the Mediterranean Sea on purpose, to breed them in aquaculture facilities, and some alien species escaped or were released from public or private aquariums [ ].
HOW DO WE KNOW THAT AN ALIEN SPECIES HAS ARRIVED IN THE MEDITERRANEAN SEA?
In the Mediterranean Sea, new species are frequently arriving through various introduction pathways. Because of the large number of new alien species and the large size of the Mediterranean Sea, it is very di cult to detect new alien species. Scientists from many countries work hard to find, observe, and monitor the alien species here, and collect as much information as possible. However, not only scientists can spot alien species. Many people visit the Mediterranean Sea for swimming, diving, or fishing ( Figure ) . These citizens are also invited to report alien species to the blogs and authorities responsible for dealing with this threat. We call this citizen science-the contribution of citizens to the collection of data, which helps scientists. To bring together all the alien species data from various sources so that it is easy to find, the European Commission created the European Alien Species Information Network (EASIN), where people can share information about alien species across Europe, including the Mediterranean Sea. Access is provided via a website (https://easin.jrc.ec.europa.eu/) that is available to everyone who is interested.
WHAT ARE THE MAIN INTRODUCTION PATHWAYS FOR ALIEN SPECIES IN THE MEDITERRANEAN SEA?
In order to answer this question, we used all the records of alien species from the EASIN database up to January . We found alien species in the Mediterranean Sea. Then, we linked each alien species with at least one introduction pathway. Sometimes this was easy, while for some alien species it was very di cult. To discover introduction pathways, first we need to know the native home of the alien species. Then, depending on where we spotted the alien species the first time, we can deduce the introduction pathway. For example, if we find an alien species, whose native home is the Red Sea, in an area close to the opening of the Suez Canal, we can conclude that this species probably entered the Mediterranean Sea by moving from the Red Sea through the Suez Canal. Similarly, if we see an alien species, whose native home is the Atlantic Ocean, in an eastern Mediterranean port, we can conclude that it probably got there on a ship. However, sometimes it is more complicated, and two or more introduction pathways could be responsible for the introduction of an alien species. In our study, we managed to find one introduction pathway for alien species, and two or more possible pathways for . We could not make reasonable assumptions about the introduction pathways for alien species.
We found that the most important introduction pathway into the Mediterranean Sea is the Suez Canal, which was responsible for the kids.frontiersin.org July | Volume | Article | Giovos et al.
Invading the Mediterranean Sea Figure   Figure The number of alien species found in the Mediterranean Sea. You can see that there is an increase in the number of alien species as we move south-east.
introduction of Lessepsian species. Most of these species are now present in the Eastern part of the Mediterranean Sea [ ] (Figure ) . The second most important pathway was shipping, responsible for the introduction of alien species that are scattered all over the Mediterranean, especially close to harbors ( Figure ) . Aquaculture was responsible for the introduction of alien species, which are mainly found in two areas with aquaculture facilities, the Thau lagoon (Gulf of Lion, France), and the Venice lagoon (northern Adriatic, Italy) (Figure ) .
DO THESE ALIEN SPECIES AFFECT THE BIODIVERSITY OF THE MEDITERRANEAN SEA?
We discovered that more alien fish species are present in certain parts of the Mediterranean, like the Levantine Sea and the southeastern Aegean Sea, than in other regions. Alien invertebrate species (animals without spines) exhibited a similar pattern, but also had a high presence along the French coastline, in the Thau lagoon, along the northern Adriatic and the eastern Sicily. Alien algae showed the opposite pattern, with more alien algae species in the western Mediterranean regions. So, our analysis told us that the distribution of alien species di ers according to the introduction pathway used and is dependent on the type of alien species (fish, invertebrates, algae). We also found that alien species composition, the pool of all the alien species present in an area, di ered among the di erent regions. Finally, by analyzing the pool of native fish and invertebrates, we found a pattern that was opposite to the pattern of the alien species. In the western Mediterranean, there are more native species than in the eastern Mediterranean, while the eastern Mediterranean has more alien species than the western Mediterranean (Figure ) . So yes, alien species significantly a ect the biodiversity of the Mediterranean Sea.
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HOW CAN YOU HELP?
Scientists and citizens alike need to chip in to help prevent the continued invasion of alien species! But how can regular people help? First, citizens must adopt responsible behaviors that will reduce the introduction of alien species into the Mediterranean Sea. For example, people with home aquariums must never release their marine organisms into the wild. Fishermen, when traveling long distances for fishing, must thoroughly clean their equipment before using it again, because contaminated equipment can transfer organisms from one place to another.
Also, citizens should become informed about the di erent Citizen Science projects that exist in their countries, through which they can contribute to the early detection and monitoring of marine alien species. In this way, citizens can meaningfully contribute to the prevention of biological invasions, by informing the scientists and the appropriate authorities.
CONCLUDING REMARKS
Biological invasions are one of the biggest threats for the native ecosystems and species of the Mediterranean Sea. During the last three decades, Mediterranean biodiversity has changed rapidly, more than any other marine region in the world, as a result of human activities, such as shipping, aquaculture, and the opening of the Suez Canal. The Suez Canal and the resulting Lessepsian migration is the most important reason for this rapid introduction of alien species into the Mediterranean. Over the last two decades, the water temperature of the Mediterranean has been warming, especially in the eastern regions, and this trend is expected to continue in the future. These higher temperatures favor the establishment and spread of species that like warm waters, such as Lessepsian immigrants, which normally live in warmer seas. These days, alien species are an important part of many ecosystems, and they may change the way ecosystems function. Knowing the number of alien species in every ecosystem is important, both to understand the trend of change and to also monitor the e ects of the alien species and the e ectiveness of steps taken to prevent new introductions. It is very important to understand the impact that alien species have on ecosystems, because some alien species can have benefits for native species and their habitats, so those alien species do not need to be controlled. However, other alien species are dangerous for ecosystems. Understanding which species help and which harm an ecosystem helps scientists to prioritize alien species for control or eradication. 
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